Summary
Introduction
The prevalence of obesity worldwide is both high and increasing [1] . Obesity is associated with numerous co-morbidities, including cardiovascular disease, type 2 diabetes, hypertension, and certain cancers [2] . Behavioural interventions, aimed at influencing peoples' dietary and/or physical activity (PA) behaviour, lead to weight loss and improved obesity-related risk factor profiles in individuals with excess weight [3] [4] [5] .
When studying obesity interventions, it is important to consider the influence of additional risk factors for morbidity (for further discussion of additional risk factors, see Mokdad et al. 2003 [73] ) as interventions in individuals carrying these risk factors may be less effective [3] . Clinically obese populations with additional risk factors are one of the fastest growing patient populations. Consequently, it is paramount to develop an understanding of the effects of behaviour change intervention on behaviour, weight, and risk factor indicators in this population [6] .
Previous systematic reviews evaluating the effects of behavioural interventions paid little attention to the most proximal target of behavioural weight loss interventions, behaviour change itself [7] . As some intervention studies may not achieve significant weight loss or improvement in health risk factors, information about behavioural change is not only relevant but essential to our appraisal of the intervention. Few systematic reviews examine the effectiveness of behaviour change interventions on behaviour, although evidence shows that dietary advice was found to lead to significant positive changes in self-reported fibre, fruit and vegetable, and saturated fat intake [8] , and interventions promoting PA showed a significant moderate effect on self-reported PA [9] (for the purpose of this review dietary intake and PA are considered examples of behaviours).
This systematic review extends the evidence base for behavioural obesity treatment by addressing the lack of behavioural analysis in the scrutiny of intervention effectiveness, and focuses attention on a population in need of intervention: obese adults with additional risk factors for morbidity.
Material and Methods

Objectives
To review the effects of behavioural interventions for obese adults with at least one additional risk factor for morbidity on behaviour (diet and PA), weight, and risk factors. The effect of interventions on outcomes were compared for intervention groups (which focused on changes in diet only, PA only, or both diet and PA) against control or less intensive intervention groups.
Study Inclusion Criteria Types of Studies:
Published randomised controlled trials (RCTs) providing ≥12 weeks follow-up data after randomisation. No language limitations were specified.
Types of Participants: Individuals with a mean/median BMI ≥30 kg/m 2 . Studies focused on adult obesity with a mean/median age of ≥40 years as there is a rapid increase in obesity-related diseases including the metabolic syndrome [10] and type 2 diabetes [11] in middle age. At least one additional risk factor for morbidity was required as this population is in greatest need of behaviour change to prevent long-term morbidity.
Types of Interventions: Behavioural interventions aimed at changing diet and/or PA. For this review, interventions are classified by 'diet only (D-only),' 'PA only (PA-only),' or 'diet and PA (D-PA) ' .
Types of Outcome Measures:
The outcomes examined in this review were behaviour (i.e. objective or self-reported measures of diet and/or PA), weight and risk factors (total cholesterol, low density lipoprotein (LDL) cholesterol, high density lipoprotein (HDL) cholesterol, triglycerides, systolic (SBP) and diastolic blood pressure (DBP), glycosylated haemoglobin (HbA1c), and fasting plasma glucose (FPG)).
Search Strategy for Identification of Studies
Three electronic databases (MEDLINE, EMBASE, and PsycInfo) were searched for relevant studies using a comprehensive search strategy (available upon request). Three journals (International Journal of Obesity, International Journal of Behavioural Medicine, and Obesity Research) were searched by hand. Reference lists of relevant review articles and of all included studies were searched for further studies.
Methods of the Review Identification of RCTs:
The first 200 references of RCTs were independently screened by two researchers (AA and SUD) and differences were resolved in discussion. Thereafter, the identification of studies was completed by one researcher (SUD).
Quality Assessment of Studies: Standard criteria for RCTs were used to appraise the methodological quality [12] .
Data Extraction: Three researchers (AA, FFS, and SUD) extracted data for an initial three studies, and differences were resolved by discussion. Thereafter, one researcher (SUD) extracted data for behaviour, weight, and risk factors from the remaining studies. Behavioural variables were assessed by a wide variety of measures (table 1) . Most studies focused on altering kilocalorie and fat intake; so these two outcomes became the main dietary focus. These measures are a proxy for change in dietary behaviour and used as dietary behavioural outcomes for the purpose of the current review. All data entry into meta-analytic software, Review Manager (Version 4.2) (clicktime.com, Inc., San Francisco, CA USA), was double checked 1 month after initial entry.
Statistical Analysis: Where possible, a meta-analysis of the data was undertaken to determine the overall effect size. Two different effect sizes were calculated depending on the outcomes under scrutiny [13] . Dietary fat and PA outcomes were assessed as standardised mean differences (SMDs), equivalent to Hedge's adjusted g, as both outcome variables were reported on a variety of scales (see table 1 ). Kilocalorie, weight and disease risk factor outcomes were reported on the same scales and were combined as mean differences (MDs). Change scores for dietary fat, kilocalorie and PA outcomes were preferred and meta-analyses used a mixture of change from baseline and final value scores [13] . Weight and disease risk factor outcomes were analysed as change scores, and missing data was imputed using methods previously described [12] . 95% confidence intervals (95% CIs) were derived for effect sizes. Degree of inconsistency across studies was assessed using I 2 [14] . I 2 levels of ≥25% and ≥50% were interpreted as an indicator for moderate and substantial heterogeneity respectively. It should be noted that I 2 is dependent on the number of primary studies included and, in this case, there are some examples in which there are only a few primary studies. Random effects methods for combining data were used reflecting the high heterogeneity in many of the meta-analyses. Intention-to-treat data were used wherever available [13] . 44 studies met inclusion criteria (table 1, fig. 1 ). Participants: The mean age of participants was 55.0 ± 6.8 (mean ± SD) years and the mean BMI was 33.1 ± 2.2 kg/m 2 ranging from 30.1 [15] to 38.8 kg/m 2 [16] . In studies including participants of both genders, a small majority of women was reported (55%); eleven studies sampled women exclusively, and one study only men [17] . The majority of studies (n = 21) examined individuals with type 2 diabetes. Others included individuals with risk factors such as hypertension (n = 4), impaired glucose tolerance (n = 3), or cardiovascular disease (n = 2) (see table 1 for details). Two studies used the same intervention for two different populations and were treated as separate studies [18, 19] . The mean number of participants was 240 ± 502 ranging from 26 [20] to 3,234 [21] with a mean dropout at completion of 16 ± 10.2%.
Results
Overall Description of Studies
Intervention Setting: Most studies were conducted in the USA (n = 27). Other countries were Canada (n = 5), UK (n = 5), Australia (n = 4), Finland (n = 2), and the Netherlands (n = 1).
Study Designs: 27 trials allowed for comparison of D-PA intervention against a usual care or waiting list control group. Six comparisons of D-only and six comparisons of PA-only against usual care or waiting list control group were possible. Altogether, seven trials for D-PA and four for D-only interventions allowed comparison of more intensive against less intensive treatments. Interventions were categorised as more Other: smoking cessation and regular blood glucose monitoring (free strips for self-testing provided).
(a2) Intervention. Diet: healthy eating focusing on dietary fat reduction.
Other: smoking cessation and regular blood glucose monitoring (no strips for self-testing provided). 
≤10%
of kcal saturated fat, ≤300 mg/day dietary cholesterol, fatty acids ≥20% of energy unsaturated fat, and increase carbohydrates (e.g. fruits, berries, and vegetables).
Activity: increase frequency of exercise sessions to 3-4/week, lasting 30-60 min each.
Other: weight reduction, normoglycemia, correction of dyslipidemias, and normalisation of elevated blood pressure. Table 1 .
Continued
PA recommendations varied in intensity, type, duration, frequency and energy expenditure, and intensity was typically moderate. Few interventions reported recommending a particular type of activity, with those that did favouring walking and regular daily activities. The recommended activity duration was generally between 30 and 45 min, 3-4 times per week. Some recommendations specified targets for energy expenditure within a given period of time. Many studies employed supervised exercise classes and groups (table 1) .
Quality of Trials
Randomisation: 19 trials were identified as having made a good attempt at concealment of randomisation. The remaining 25 studies stated that allocation was random without giving descriptions of procedures.
Description of Withdrawals: 21 studies provided numbers and reasons for study participant dropout, and 20 studies mentioned the numbers of withdrawals only. Three studies stated withdrawals only but did not provide further details.
Intention to Treat: 25 studies claimed to use intentionto-treat (ITT) data analysis, and 13 studies did not state ITT procedures. In 6 studies descriptions remained ambiguous.
Blinding of Outcome Assessors: The majority of trials (n = 32) did not report blinding of outcome assessors. Three studies stated that assessors were blinded, but did not provide further detail. Nine studies stated blinding assessors and described the blinding procedures.
intense when the behaviour change components within the intervention were delivered more frequently in one of two intervention groups. Similarly, if one intervention utilised more intervention components compared with the other it was classified as more intensive.
Intervention Duration and Intensity: The modal duration of interventions was 6 months (n = 12), ranging from 2 [22, 23 ] to 36 months [24] . The modal duration of follow-up was 12 months (n = 15) ranging from 3 [25] to 36 months [24] . Outcomes were commonly reported at distinct points in time -3, 6, 12, 24 and 36 months -and intervention effects are summarised for these time points. Where there were results reported for different time points, these were ascribed to the nearest time point of common reporting.
Intensity of contact varied in intervention arms ranging from one contact every 4 months [26] to twice weekly [27] . The average contact per month was 4.6 ± 6.5). High-intensity contact interventions tended to be exercise classes.
Behavioural Recommendations: Recommendations regarding dietary intake were categorised using the classifications of Avenell et al. [12] . Out of 51 different dietary treatment arms within the included trials, 20 provided general healthy eating advice (this includes studies where participants could choose their own healthy eating goals), 18 used a 600 kcal/day deficit or low fat-reducing diet, 9 used a low-calorie diet (1,000-1,600 kcal/day), two study arms used the Weight Watchers diet, one used the Ornish diet (it was felt that Weight Watchers and Ornish diets did not fit within the Avenell et al. categories [12] ), and two provided no details, and one used the Ornish diet (table 1). [17, 18, 32, 45] reported dietary outcomes which could be included in meta-analysis at 3, 6, 12 and 24 months (table 2). Significant decreases in kilocalorie intake between intervention and control groups were detected at 6, 12 and 24 months. Despite significant changes in pooled outcomes at 12 months, only 1 study out of 4 [45] found a significant between-group difference in kilocalorie intake.
Changes in fat intake were reported in enough detail by 3 studies [18, 45, 47] to allow meta-analysis at 3, 6, 12, and 24 months (table 2). Significant intervention effects could be detected at 12 and 24 months. Heterogeneity was detected at 6 (I 2 = 76.1%) and 12 (I 2 = 53.9%) months. Significant between-group changes in fat intake were reported for all studies, except 1 at 3 months [47] and 1 at 12 months [45] .
PA Interventions versus Waiting List Control / Usual Care: Seven studies [15, 20, 30, 45, [50] [51] [52] reported PA change outcomes that allowed meta-analysis at 3, 6, 12 and 24 months. Significant SMDs were found at 6 and 12 months. At most time points significant differences between intervention and control groups were reported with 2 [15, 52] out of 2 showing significant between-group PA differences at 3 months 3 [30, 45, 51] out of 5 at 6 months, and 2 [20, 45] (table 2) . Reported decreases in favour of intervention compared with control groups were found at all time points, and significant MDs were detected at 12, 18 and 36 months. Evidence of heterogeneity in trial effects (i.e. differences in outcomes) was detected at 3 (I 2 = 46.6%) and 6 (I 2 = 65.4%) months. Most studies reported outcomes at 6 and 12 months. Three out of 8 studies [30, 45, 46] reported significant differences in kilocalorie intake between intervention and control groups at 6 months, and 3 out of 10 studies [21, 24, 45 ] at 12 months.
18 studies [21-24, 26-32, 35, 39-41, 43, 45, 46] reported enough detail on fat intake to allow meta-analysis at 3, 6, 12, 18, 24 and 36 months (table 2) . Consistent decreases in fat intake in intervention compared with control groups were found, with significant SMDs at 3, 12, 18 or 24 months. Heterogeneity was found at 3, 6, 12 and 24 months (I 2 59.9-93.1%). Most studies reported outcomes at 6 and 12 months with 7 [21, 30, 35, 40, 43, 45, 46] out of 13 studies and 5 [22, 24, 27, 29, 40] out of 17 studies reporting significant betweengroup changes respectively. At 12 months one study found a significant decrease in fat intake in the control group compared with the intervention condition [35] .
18 studies [16, 22, 24, 26-31, 33-36, 38-40, 45, 46] reported PA outcomes in enough detail to allow meta-analysis at 3, 6, 12, 18, 24 and 36 months (table 2) . Positive SMDs were reported at all points in time with significant PA increases between intervention and control groups at 3, 6 and 12 months. Heterogeneity of trial effects was found at 3, 6, 12 intake at 6 and 18 months [46] , and one intervention significantly changed PA at 3 months [58] in favour of the intensive intervention.
Weight Change Diet and PA Interventions versus Waiting List Control / Usual
Care: 25 studies [16, 21, 22, 24, reported weight outcomes in sufficient detail to allow meta-analysis at 3, 6, 12, 24 and 36 months (table 3) . At all time points weight changes were significantly different between intervention and control groups with the exception of 18 months. Effects at all points in the one study including two samples providing enough details at those time points [19] . A significant between-group difference in favour of the intensive intervention was reported in one of the two samples. Changes in fat intake were reported to differ significantly in the one study consisting of two samples [19] . A further study of an intense dietary intervention compared with a less intense one found no effects of changes in fat intake at 3 and 6 months [47] .
Ten studies [25, 32, 36, 45, 46, [53] [54] [55] [56] 58] allowed the investigation of an intensive against a less intensive D-PA intervention. None of these studies reported significant differences between groups for kilocalorie intake at any point in time. Furthermore, only one intervention significantly changed fat (table 4) . Most studies provided outcome data at 3, 6, 12 and 24 months. Risk factor changes generally showed beneficial trends at various points in time. At 3 months significant changes were found in total cholesterol, triglycerides, and SBP. At 6 months DBP, SBP and FBG showed significant improvements, with both SBP and DBP also showing significant differences between intervention and control groups at 12, 24 and 36 months. Furthermore, triglycerides as well as HbA1c showed improvements at 12 months. At 18 months LDL cholesterol was found to be significantly different in only 1 study [46] and at 24 months the only measure that was significantly improved was triglycerides. The only study reporting outcomes at 36 months displayed significant HbA1c improvement [24] . Overall, significant improvements were found in all risk factors with the exception of HDL cholesterol. The most consistent improvements were found in SBP and triglycerides.
Diet Interventions versus Waiting List Control / Usual Care: Five studies [18, 32, 45, 47, 49] provided data for at least one risk factor, which could be analysed at 3, 6, 12 and 24 months (table 5) . Risk factors generally showed tendencies towards improvement. At 3 months significant improvements occurred in total cholesterol, triglycerides, and SBP. SBP, DBP, and FBG showed no significant differences compared with controls at 6 months ( [18, 32, 45, [47] [48] [49] reported changes in weight allowing meta-analysis at 3, 6, 12, and 24 months (table 3) . Differences in weight loss between intervention and control groups were significant at 3, 6, and 12 months ( fig. 2 ). Heterogeneity in the data was found at 3, 6, and 12 months (I 2 = 71.9-84.8%).
PA Interventions vs. Waiting List Control / Usual Care: Seven studies [15, 20, 30, 45, [50] [51] [52] reported weight outcomes in sufficient detail to allow meta-analysis at 3, 6, 12 and 24 months (table 3). The MD for weight change was significant only at 6 months with evidence for heterogeneity in the data (I 2 = 83.5%). Few studies reported non-significant differences at 3, 12 and 24 months ( fig. 2) .
Intensive versus Less Intensive Interventions: 11 studies [19, 25, 32, 36, 46, 47, [53] [54] [55] [56] [57] allowed comparisons between intensive and less intensive interventions at various points in time. Intensive interventions, irrespective of whether the intervention consisted of a D-only or D-PA intervention, tended to induce greater MD for weight than the less intensive intervention groups (table 3). Significant changes were noted at 12 and 16 months for D-only and at 3 months for D-PA studies. 
Effects of Intensive versus Less Intensive Interventions:
Comparison of intensive and less intensive interventions showed a lack of significant differences with regard to risk factors.
PA Interventions versus Waiting List Control / Usual Care:
Six studies [15, 20, 30, 45, 51, 52] reported risk factor outcomes at least once allowing meta-analysis at 3, 6, 12, and 24 months (table 6) . Changes in risk factors due to PA-only interventions were less consistent when compared with D-PA and D-only interventions, and no significant effects could be detected. effect sizes. A previous systematic review in overweight/ obese individuals without additional risk factors found similarly modest significant effects of dietary advice on fibre, fat and saturated fat intakes [8] .
An interesting pattern emerges when comparing the magnitude of behavioural intervention effects across different types of studies. Compared against respective control conditions, behavioural D-PA study effects tended to be greater in magnitude in studies aimed at changing either of the behaviours in isolation when compared with studies that focused on diet and PA at the same time. This finding suggests that behaviour change effects are greater when focusing on only one kind of behaviour, as compared with both diet and PA behaviours at the same time. However, studies focusing on dietary and PA behaviours simultaneously lead to greater long-term weight loss than D-only or PA-only studies. It might be the case that changing two behaviours at the same time decreases the magnitude of change due to participants' limited self-regulatory resources [63] . However, longer-term behaviour change maintenance might be upheld through focusing the attention and direction of behaviour change on both behaviours that facilitate weight loss. Using dietary and PA interventions encourage a coherent change in one's lifestyle behaviours towards behaving healthily.
Obtained weight loss findings are consistent with previous systematic reviews [3, 12] . All types of studies successfully produced some weight loss in intervention compared with control groups. Weight loss patterns over time in D-PA, Donly and PA-only studies appeared to be similar. Greatest weight loss was found at 6 months, with weight regain thereafter, echoing previous systematic review evidence [3] and underlining the difficulty of permanent lifestyle change [64] in obese adults with additional risk factors.
The magnitude of weight loss appeared to differ between intervention types. Initial weight loss was greatest for D-only interventions, PA-only interventions showed the weakest effects on weight, with the only significant effects found at 6 months. Despite superior weight loss at 6 months by D-only interventions, subsequent time points showed weight loss advantages in favour of a combination of diet and PA interventions. After 12 months the only study type found to produce significant differences in weight loss were interventions targeting changes in diet and PA.
Differences in magnitude of weight loss over time between interventions have been documented by previous research. Avenell et al. [12] found that interventions focusing on Donly led to greater MD in weight loss at 12 months compared with studies that focused on both diet and PA, with a reverse of this trend at later time points. Furthermore, a systematic review of RCTs of PA interventions found that the union of PA with dietary interventions led to a significant increase in weight loss compared with D-only interventions [65] . Previous literature has also indicated that PA-only typically has not been significantly more effective than D-only interventions in
Discussion
The current systematic review assessed intervention effects on behaviour as well as on weight and disease risk factors. When interpreting the results obtained in this review, shortcomings should be taken into account. Short-term outcomes (3 months) as well as long-term outcomes (24 months onwards) are based on a limited number of studies. Dietary and PA behaviours were reported using a variety of different measurements. In particular, difficulties with self-reported outcomes and unreliable measures have been highlighted in the literature before [8, 59] and might have had an impact on the current findings. Analyses of D-only, PA-only, and intensive versus less intensive interventions were somewhat limited due to small numbers of studies which met inclusion criteria. It should also be considered that some of our measures for heterogeneity were based on few primary studies, and this can reduce the clinical relevance of findings. The methodological quality of some of the studies that met inclusion criteria displayed room for improvement judged by study reportage. The majority of studies did not report on features such as the method of randomisation or reasons for participant dropout. Nearly half of the studies failed to report whether the analysis was intention-to-treat. Blinding of outcome assessors was rarely described.
We were unable to determine which manipulations were the active and successful ingredients within the studies [60] . We grouped the studies by their behavioural targets, but this does not specify how interventions successfully change these behaviours and why some interventions were more effective than others [61] . More research is needed to determine which specific aspects of behavioural interventions facilitate significant change in behaviour and subsequent physiological outcomes, thereby explaining some of the significant heterogeneity typically encountered in systematic review of behaviour interventions, including the current one.
The underlying model on the effect of behaviour change interventions postulates that weight, disease risk factors, and health are all influenced through mediating behavioural effects [62] . To our knowledge this review is the first one to include behavioural dietary and PA effects alongside weight and risk factor changes in obese adults carrying additional risk factors. Results indicated that behavioural interventions are successful at significantly changing behavioural outcomes to moderate degrees in both dietary and PA behaviours over consistent periods of time. The magnitude of behavioural effects was modest. The greatest reported reductions in MD of kilocalorie intake for D-PA interventions and D-only interventions were -138 kcal and -360 kcal at 12 and 6 months respectively. Given that a common aim of many dietary recommendations is the reduction of kilocalorie intake by 600 kcal/day, the observed changes suggest that many participants struggled to adhere to dietary prescriptions. Similar findings apply to modest dietary fat outcome interventions, triglycerides tended to show consistent positive improvements in combination interventions. Furthermore, blood pressure seemed to show consistent and mostly significant improvements over time. Unlike D-only interventions, the combination of diet and PA induced significant improvements in HbA1c.
Conclusion
Overall, the findings of this systematic review extend the evidence of behaviour change intervention effectiveness [8, 12, 70] and confirm the usefulness of this approach in populations carrying additional risk factors. Improvements in behaviour, weight, and disease risk factors were recorded for all types of reviewed behaviour change interventions. Changes tended to be greatest at around 6 months. Behavioural changes were modest and tended to be greater in studies focusing solely on a single behaviour rather than on both. Interventions focusing on diet and PA simultaneously showed the greatest improvements in terms of weight loss and disease risk factor change. However, most consistent beneficial effects over time regarding behaviour, weight and disease risk factors were found in D-PA studies. The current review suggests that behavioural interventions in at-risk populations showed positive effect tendencies. Future research should focus on identifying the most effective means of inducing dietary and PA behaviour change.
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short-term weight loss [66] . These findings point to the importance of PA in the maintenance of initial, dietary induced weight loss [64, 67] . Studies using more intensive interventions produced greater weight loss. This is the case for D-PA as well as for D-only interventions.
Comparing the magnitude of weight loss in the current review to that of other published meta-analyses with most trials not recruiting individuals carrying additional risk factors [3, 12, 68, 68] , it appears that the weight loss in our studies is less. This difference in the magnitude of weight loss according to the criteria of additional risk factors holds true for D-only interventions [12] , PA-only interventions [65] , and intensive compared with less intensive interventions [69] .
With regard to changes in disease risk factors, these displayed similar patterns to weight loss outcomes. All types of interventions that could be compared with control groups demonstrated a tendency towards improving various risk factors at some point in time. However, the types of risk factors affected as well as the magnitude and consistency of risk factor change tended to differ according to intervention type. Donly interventions induced significant changes in total cholesterol, triglycerides, blood pressure and FPG in intervention compared with control conditions. Overall, changes tended to occur at 3 and 6 months, mirroring weight loss. Triglycerides seemed to show consistent beneficial trends at all points in time. Similarly, total and LDL cholesterol showed trends towards significant improvements at all time points for D-only interventions. In comparison, PA-only interventions and intensive compared with less intensive interventions were not successful at inducing risk factor changes.
The greatest changes in risk factors were achieved by interventions that targeted both diet and PA. These changes tended to peak in magnitude at 12 months. Similar to D-only
